Facing the increasing prevalence of gestational diabetes mellitus (GDM), this study aimed to evaluate the management of GDM and its association with adverse pregnancy outcomes. Methods: The data of 996 inpatients with GDM who terminated pregnancies in our hospital from January 2011 to December 2015 were collected. Treatments during pregnancy and the last hospital admission before delivery were analyzed. Pregnancy outcomes of the GDM patients were compared with 996 nondiabetic subjects matched by delivery year and gestational age. The association between fasting plasma glucose (FPG) and adverse pregnancy outcomes was examined by logistic regression analyses. Results: The average prevalence of GDM over the 5 years was 4.4% (1330/30,191). Within the GDM patients, 42.8% (426/996) received dietary intervention, whereas 19.1% (190/996) received insulin treatment. Adverse outcomes were more likely to occur in patients with unsatisfactory control of blood glucose such as respiratory distress syndrome (RDS, χ 2 = 13.373, P < 0.01). Elevated FPG was identified as an independent risk factor for premature birth (odds ratio [OR] = 1.460, P < 0.001), neonatal care unit admission (OR = 1.284, P < 0.001), RDS (OR = 1.322, P = 0.001), and stillbirth (OR = 1.427, P < 0.001). Conclusions: Management of GDM in the real world of clinical practice was unsatisfactory, which might have contributed to adverse pregnancy outcomes.
Original Article introduction
Gestational diabetes mellitus (GDM) is defined as diabetes diagnosed during the second or third trimester of pregnancy that is clearly not pregestational in nature. [1] Previous studies have suggested that GDM was associated with increased risk of maternal and fetal adverse outcomes [2, 3] such as gestational hypertensive disorders, stillbirth, congenital anomalies, neonatal hypoglycemia, macrosomia, and respiratory distress syndrome (RDS). [4] [5] [6] GDM is also associated with increased risk of obesity, hypertension, impaired glucose tolerance, type 2 diabetes mellitus (T2DM), and neuropsychiatric complications in later childhood and adulthood. [7] [8] [9] [10] Notably, the prevalence of GDM keeps increasing over recent years. [2] GDM has become a condition of particular concern worldwide. There are reports that diet and/or insulin control can reduce the incidence of adverse pregnancy outcomes [11] and the risk of T2DM. [12] However, the effects of these interventions in real-world clinical practice have not been examined in depth. Previous studies [13] are mostly focused on the association between adverse pregnancy outcomes and plasma glucose determined by oral glucose tolerance tests (OGTTs). Studies on the relationship between fasting plasma glucose (FPG) immediately before delivery and adverse pregnancy outcomes are few. Herein, the present study aimed to examine the effects of GDM management on pregnancy and neonatal outcomes and the association between adverse pregnancy outcomes and FPG before delivery.
MethodS

Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and approved by the Medical Research Ethics Committee of the Shandong Provincial Hospital Affiliated to Shandong University (No. 2016-009). As a retrospective study and the data analysis were performed anonymously, this study was exempt from informed consent from patients.
Study population
In this retrospective study, data of 30,191 women who terminated pregnancies in the Department of Obstetrics and Gynecology, Shandong Provincial Hospital Affiliated to Shandong University between January 1, 2011, and December 31, 2015, were initially screened. A total of 302 women were excluded from 1330 GDM patients due to the presence of preexisting diabetes, history of prepregnancy chronic hypertension, congenital heart disease, infectious diseases, and other diseases. Furthermore, 32 women with twin and multiple pregnancies were excluded due to the increased risks associated with twin and multiple pregnancies. [14, 15] Eventually, 996 GDM subjects were selected, who were diagnosed by 75 g OGTT at 24-28 weeks of gestation according to the American Diabetes Association (ADA) criteria: [1] FPG ≥92 mg/dl (5.1 mmol/L), 1 h PG ≥180 mg/dl (10.0 mmol/L), or 2 h PG ≥153 mg/dl (8.5 mmol/L). In addition, 996 healthy controls were selected by matching gestational age and delivery year.
Data collection
Electronic medical records of the last hospital admission before delivery were reviewed. General parameters were collected such as age, body mass index (BMI), blood pressure, and parity. GDM-related information was collected including treatments for GDM during pregnancy, in-hospital glycemic control, and FPG within 1 week before delivery. Adverse pregnancy outcomes were recorded including stillbirth, gestational hypertensive disorders, polyhydramnios, placental abruption, cesarean section, and preterm delivery. In addition, neonatal information was collected including birth weight, Apgar scores (at 1, 5, and 10 min postdelivery), neonatal care unit admission, hypoglycemia, hyperbilirubinemia, RDS, macrosomia, congenital malformations, and neonatal death.
Evaluation indicators
The primary end point of this study was the incidence of adverse pregnancy outcomes including both maternal and neonatal adverse outcomes. The secondary end point was the status of glucose management represented by FPG.
Maternal adverse pregnancy outcomes included stillbirth, gestational hypertensive disorders, polyhydramnios, placental abruption, cesarean section, and preterm delivery. Stillbirth was defined as fetal death at or after 20-28 weeks of pregnancy. Gestational hypertensive disorders were defined as preeclampsia or systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg at ≥20 weeks of gestation in a previously normotensive woman, without proteinuria or new signs of end-organ dysfunction. Polyhydramnios was diagnosed by amniotic fluid index (≥2000 ml) determined by ultrasonography. Placental abruption was defined as premature separation of the implanted placenta before delivery of the fetus.
Neonatal adverse outcomes included neonatal care unit admission rate, hypoglycemia, hyperbilirubinemia, RDS, macrosomia, congenital malformations, and neonatal death. Neonatal hypoglycemia was defined as plasma glucose <2.5 mmol/L. Neonatal hyperbilirubinemia was defined as total serum bilirubin higher than the 95 th percentile for the patient's age during the 1 st week of life. RDS was defined as pulmonary insufficiency that commences at or shortly after birth and aggravates over the first 2 days of life. Macrosomia was defined as a birth weight >4000 g, regardless of gestational age. Congenital malformations were classified according to the European Registration of Congenital Anomalies and Twins (EUROCAT) system. Neonatal death was defined as deaths occurring in live-birth infants during the first 28 days of life. When some neonatal outcomes were compared, certain cases were excluded, such as abortion and induced labor.
We also investigated prevalence of GDM and target-reaching rate of FPG (≤5.3 mmol/L as recommended by ADA [1] ). The GDM patients were divided into two groups based on whether they received glycemic control treatments, i.e. the treated group (received dietary advice or/and insulin therapy) and untreated group (received routine care). In addition, the GDM patients were divided into two groups based on whether their FPG reached the targets.
Statistical analysis
All statistical analyses were performed using SPSS version 22 (IBM, Armonk, NY, USA). Continuous variables were presented in the form of mean ± standard deviation and analyzed using independent t-test. Categorical variables were presented in the form of percentage and analyzed using the Chi-square test or Fisher's exact test. Multivariable logistic regression analyses were performed to determine the relation between elevated FPG and adverse pregnancy outcomes with gestational age, BMI, primipara, and anemia considered in the model. P < 0.05 was considered to be statistically significant. In addition, sample size estimation was conducted using traditional methods under case control design (supplementary material).
reSultS
Prevalence and treatment regimens for gestational diabetes mellitus
From 2011 to 2015, the prevalence of GDM in our hospital was 4.4% (1330/30,191 
Characteristics of gestational diabetes mellitus patients and healthy controls
Baseline characteristics of the participants are shown in Table 1 . GDM patients were more obese, more likely to have higher blood pressure and family history of DM, and more likely to be primipara. Among 996 GDM patients, 27 (2.7%) women did not perform FPG before pregnancy. The proportion of GDM patients whose FPG did not reach target was 60.8% (606/996), and the target-reaching rate of FPG in the GDM patients was only 36.5% (363/996).
Pregnancy outcomes
Women with GDM were more likely to have adverse pregnancy outcomes including gestational hypertensive disorders and polyhydramnios [ Table 2 ]. A higher rate of cesarean delivery was detected in the GDM group (76.0% vs. 56.9%, P < 0.01). In terms of neonatal outcomes, the GDM group was at significantly increased risk of having macrosomic neonates, preterm neonates (P = 0.014), and Neonatal Intensive Care Unit admission (P = 0.021). The incidence of neonatal hyperbilirubinemia, hypoglycemia, and RDS was higher in GDM group (P < 0.01 for all).
Based on the FPG within 1 week of delivery, we divided the 969 GDM patients into a good control group (FPG ≤5.3 mmol/L) and a poor control group (FPG >5.3 mmol/L). The incidence of gestational hypertensive disorders, polyhydramnios, stillbirth, cesarean delivery, preterm neonates, and RDS was significantly higher in the poor control group (P < 0.05; Table 3 ). As for neonatal outcomes, Apgar scores at 1, 5, and 10 min were significantly lower in the poor control group.
The results of the comparison of maternal and neonatal outcomes between the GDM patients with and without hypoglycemic therapy are reported in Table 4 . Although the rates of adverse pregnancy outcomes, such as gestational hypertensive disorders, stillbirth, neonatal death, and RDS, were higher in the untreated group than the treated group, no significant differences can be observed. In addition, the rates of polyhydramnios, macrosomia, and postpartum hemorrhage tended to be greater in the treated group with no significant differences.
Associations between pregnancy outcomes and fasting plasma glucose
Univariate logistic regression analyses indicated that FPG before delivery was associated with several adverse pregnancy outcomes in the GDM group including gestational hypertensive disorders (odds ratio [OR] = 1.106, P = 0.045), stillbirth (OR = 1.431, P < 0.001), polyhydramnios (OR = 1.161, P = 0.004), premature birth (OR = 1.492, P < 0.001), neonatal care unit admission (OR = 1.310, P < 0.001), RDS (OR = 1.309, P < 0.001), and cesarean section (OR = 1.198, P = 0.001) [ Table 5 ].
Multiple logistic regression analyses showed that FPG before delivery was an independent risk factor for stillbirth (OR = 1.427, P < 0.001) and RDS (OR = 1.322, P = 0.001) [ Table 5 ]. After adjustment for cofounders, the associations remained significant between FPG and polyhydramnios (OR = 1.114, P = 0.045), premature birth (OR = 1.460, P < 0.001), and neonatal care unit admission (OR = 1.284, P < 0.001).
diScuSSion
The prevalence of GDM keeps elevating over the recent years. With the economic development and improvement of living standards in China, screening and diagnosis of GDM have significantly improved. Based on our sample of GDM inpatients, the prevalence of GDM from 2011 to 2015 was 4.4%, lower than that previously reported in other populations [6, 16] and the worldwide prevalence (approximately 14.0% in 2015) [17] reported by the International Diabetes Federation. While ethnic difference might contribute to this discrepancy, we acknowledge that our sample was relatively small.
Although a number of treatments have been proposed for GDM, the effects of these interventions in clinical practice have not been thoroughly reviewed. Indeed, gestational A1C levels and self-monitoring of blood glucose are strongly recommended for GDM by different guidelines. [1, [18] [19] [20] Notably, the proportion of GDM patients whose FPG before reached target (≤5.3 mmol/L) was only 60.8%, and approximately 38.1% of the GDM inpatients did not receive any treatment for glycemic control, suggesting that glycemic control for GDM patients remains unsatisfactory at the current stage. We have noticed that most of the GDM patients underwent antenatal examinations at local hospitals. These results somehow reflect the need to strengthen GDM management practices at local primary hospitals.
In our study, we also found that more adverse pregnancy outcomes occurred in the GDM group, such as gestational hypertensive disorders, consistent with previous findings. [2, 3] Even mild hyperglycemia in late pregnancy may increase the risk of complications in inpatients with GDM and their newborns. The Hyperglycemia and Adverse Pregnancy Outcome study [4] reported that the risk of adverse pregnancy outcomes increased with maternal glycemic values, as indicated by the results of the OGTT performed at 24-28 weeks. In this study, we found that elevated FPG was associated with increased risk of adverse pregnancy outcomes in women with GDM such as polyhydramnios, preterm birth, and stillbirth. After adjustment for maternal age, BMI, anemia, and other confounders, elevated FPG remained an independent risk factor for these adverse outcomes. These results suggest that FPG might be a convenient and cost-effective indicator to predict adverse maternal and neonatal outcome risk. Women with GDM may be advised not to give birth by cesarean section unless they had a necessary situation. Therefore, association between cesarean section rates and higher fasting blood glucose may be iatrogenic. However, obstetricians usually suggest that they should strengthen glycemic control and cesarean section should be performed after 37-38 weeks of gestation. Thus, rates of early delivery were not iatrogenic, as well as rates of RDS. Prior work has shown that risk factors for adverse pregnancy outcomes can be reduced by diet, exercise, and moderate individualized lifestyle interventions. [11, [21] [22] [23] In accordance with the results of previous studies, we also found that inpatients with GDM in the treated group had lower rates of certain adverse pregnancy outcomes, including gestational hypertensive disorders and RDS, than in the untreated group. On the other hand, treatment did not improve the rates of polyhydramnios, macrosomia, or postpartum hemorrhage.
In our study, there appeared to be no absolutely better outcomes in GDM with therapy than whom without. As discussed above, imperfect management of GDM, including a lack of medical records on blood glucose monitoring, use of nonstandard glucose monitoring, and low rates of recommended FPG level achievement, might have accounted for the lack of absolutely better outcomes in GDM patients with hypoglycemic therapy. Although inpatients with GDM were given treatment to control glucose immediately after admission to terminate pregnancies, it may be too late to improve pregnancy outcomes.
The limitations of this study are that the data were collected from a single hospital and extracted from records for the last medical visit before delivery. In addition, the study design was retrospective in nature. Data on the follow-up visits that occurred throughout patients' pregnancies could not be extracted from the hospital records. Besides, FPG before delivery was probably incidental to represent the status of glycemic control. Although an independent association between FPG and stillbirth was showed, the 95% confidence interval for this OR was relatively large. This may be partly due to the small number of stillbirths.
In this study, we have reported that the current status of GDM management remains to be improved, and the poor glycemic control might have contributed to the adverse pregnancy outcomes observed in inpatients with GDM. These results suggest that pregnant women in China should receive standardized management and that glycemic monitoring efforts should be strengthened, and necessary examinations should be enhanced to improve pregnancy outcomes. 
Supplementary information is linked to the online version of the paper on the Chinese Medical Journal website.
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